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5HVXOWVDQGGLVFXVVLRQ
&XWWLQJIRUFHV
D9DULDWLRQRI FXWWLQJVSHHGZLWKFXWWLQJIRUFHDWPGHSWKRIFXW E 9DULDWLRQRIFXWWLQJVSHHGZLWKFXWWLQJIRUFHDWPGHSWKRIFXW
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D9DULDWLRQRIFXWWLQJVSHHGZLWKFXWWLQJIRUFHDW PGHSWKRIFXW
)LJ9DULDWLRQRI FXWWLQJIRUFHZLWKFXWWLQJVSHHG
)URP WKH H[SHULPHQWDO LQYHVWLJDWLRQ LW LV REVHUYHG WKDW ZKHQ FXWWLQJ VSHHG LQFUHDVHV WKHUH LV LQFUHDVH LQ FXWWLQJ
IRUFHVGXHWRVWUDLQJUDGLHQWLQGXFHGPDWHULDOVWUHQJWKHQLQJHIIHFWV DWORZGHSWKRIFXW :KHQGHSWKRIFXW LVJUHDWHU
WKDQWKHHGJHUDGLXV ZKHQFXWWLQJVSHHGLQFUHDVHV WKHUHLVGHFUHDVHLQFXWWLQJIRUFHVGXHWRWKHUPDOVRIWHQLQJ$W
YHU\KLJKGHSWKRIFXWPZKHQFXWWLQJVSHHGLQFUHDVHVIURPPPLQWRPPLQWKHUHLVGHFUHDVHLQFXWWLQJ
IRUFH GXHWRWKHUPDOVRIWHQLQJHIIHFW:LWKIXUWKHULQFUHDVHRIVSHHGWKHUHLVLQFUHDVHLQFXWWLQJIRUFHGXHWRVWUDLQ
KDUGHQLQJ RI ZRUNSLHFHPDWHULDO:KHQ GHSWK RI FXW DQG XQFXW FKLS WKLFNQHVV DUH LQFUHDVHG WKHUH LV LQFUHDVH RI
FXWWLQJ IRUFH GXH LQFUHDVHG YROXPH RI WKH PDWHULDO )LJXUH D E F VKRZV WKH YDULDWLRQ RI FXWWLQJ IRUFH ZLWK
FXWWLQJ VSHHG DW   DQG  P GHSWK RI FXW )LJXUH D VKRZV WKH YDULDWLRQ RI FXWWLQJ IRUFH VLJQDO FDSWXUHG
GXULQJPLFUR WXUQLQJSURFHVV DWPUHY IHHG)LJXUHEVKRZV WKHYDULDWLRQRIFXWWLQJ IRUFHRYHUXQLW VHFRQG
:KHQGHSWKRIFXW LV LQFUHDVHGIURP P WR P WKHUH LV LQFUHDVHRIFXWWLQJ IRUFHVZLWK IXUWKHU LQFUHDVHRI
GHSWKRIFXWWR P WKHUHLVQRPXFKYDULDWLRQLQWKHFXWWLQJIRUFHV
D 9DULDWLRQRIFXWWLQJIRUFHZLWKWLPH DW FXWWLQJVSHHG PPLQ E &XWWLQJIRUFHYDULDWLRQRYHUXQLWVHFRQGDWFXWWLQJVSHHG 
PPLQ
)LJ&XWWLQJIRUFHVLJQDOFDSWXUHGGXULQJPLFURWXUQLQJSURFHVV
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6XUIDFHURXJKQHVV
:KHQXQFXWFKLSWKLFNQHVVLVOHVVWKDQHGJHUDGLXVWKHUHLVLQFUHDVHLQVXUIDFHURXJKQHVVGXHWRWKHSODVWLFVLGH
IORZ RI ZRUNSLHFH PDWHULDO RU UXEELQJ DQG SORZLQJ DFWLRQ UDWKHU WKDQ FXWWLQJ DFWLRQ /LX DQG 0HONRWH 
0LQLPXPYDOXHRIP VXUIDFHILQLVKLVDFKLHYHGZKHQXQFXWFKLSWKLFNQHVVLVJUHDWHUWKDQHGJHUDGLXV)LJXUH
DEF VKRZVWKHYDULDWLRQRIVXUIDFHURXJKQHVVZLWKFXWWLQJVSHHGDW P P PUHVSHFWLYHO\
D9DULDWLRQ RIVXUIDFHURXJKQHVVZLWKFXWWLQJVSHHGDWGHSWKRIFXW E9DULDWLRQRIVXUIDFHURXJKQHVVZLWKFXWWLQJVSHHGDW
GHSWKRIFXW
F9DULDWLRQRIVXUIDFHURXJKQHVVZLWKFXWWLQJVSHHGDWGHSWKRIFXW
)LJ9DULDWLRQRIVXUIDFHURXJKQHVVZLWKFXWWLQJVSHHG
&RQFOXVLRQ
,QWKLVSDSHUGHYHORSPHQWRIPLFURWXUQLQJVHWXSDQGH[SHULPHQWDO LQYHVWLJDWLRQV RQFXWWLQJIRUFHVDQGVXUIDFH
URXJKQHVVGXULQJPLFUR WXUQLQJRI WLWDQLXPDOOR\XVLQJFRDWHGFDUELGH WRROKDVEHHQGLVFXVVHG :KHQ WKHFXWWLQJ
VSHHGLQFUHDVHVWKHUHLVGHFUHDVHLQFXWWLQJ IRUFHV ZKLOH XQFXWFKLSWKLFNQHVVLVJUHDWHUWKDQWKHFXWWLQJHGJHUDGLXV
GXHWRWKHLQFUHDVHLQWRROFKLSLQWHUIDFHWHPSHUDWXUH7KHF\FOLFYDULDWLRQRIWKHFXWWLQJIRUFHLV GXHWR VHJPHQWHG
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FKLSIRUPDWLRQGXULQJPLFURWXUQLQJRIWLWDQLXPDOOR\6XUIDFHURXJKQHVV LV PDLQO\LQIOXHQFHGE\WKHHGJHUDGLXVRI
WKHFXWWLQJ LQVHUW DQGXQFXWFKLS WKLFNQHVV7KH IXWXUH VFRSHRI WKLV UHVHDUFK LV WRDQDO\]HFKLSPRUSKRORJ\ WRRO
WHPSHUDWXUH DQGWRROOLIH
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